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In a previous communication (1) it was demonstrated that trypan 
blue injected intravenously rapidly enters an inflamed area  and is 
fixed there so that the dye fails to reach the regional lymph nodes. 
Subsequent studies (2)  revealed that the rate of fall of concentration 
of the  dye  in  the  capiUaries  as  it  diffuses into  the  extra-capillary 
spaces is more rapid in an inflamed than in a normal area.  This was 
interpreted  as  being  the  result  of  increased  capillary permeability 
with inflammation. 
The earlier literature on the subject has been reviewed elsewhere 
(1).  With the demonstration that the dissemination of bacteria was 
retarded by an inflammatory reaction (3, 4, 5) and with the subsequent 
studies on the fixation of dyes in inflamed areas, it became of interest 
to observe the behavior of other substances both when injected directly 
into an i~nflamed area and when injected into ~ke blood stream.  In 
some unpublished results it was found that carbon particles in the 
form of India ink failed to  reach the tributary lymph nodes when 
injected directly either into a  subcutaneous area of inflammation or 
when injected into an inflamed peritoneal cavity.  When, however, 
the  ink  was  injected intravenously no  definite evidence of  carbon 
deposit in the inflamed area could be obtained. 
At the suggestion of Dr. Eugene L. Opie studies were then under- 
taken  to  determine whether  a  metal  injected intravenously would 
accumulate rapidly in an inflamed area and be fixed  there in a manner 
similar to  trypan  blue. 
* Presented before the Philadelphia Physiological Society, February 17,  1930. 
t Fellow in Medicine,  National Research Council. 
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The Fixation  of Iron  by  an Inflammatory  Reaction  in  the Peritoneal 
Cavity 
The observations were made with the use of iron, largely because 
this metal could readily be detected when in sufficient amount in the 
tissues by placing them in an acidified solution of potassium  ferro- 
cyanide (Prussian blue reaction). 
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injection of  irri- 
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TABLE  I 
~  Iron in Inflamed Peritoneal Cavity 
Total duration of 
inflammation** 
hrs. : rains. 
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0  indicates no  Prussian  flue  reaction;  +  a  pale  blue  reaction;  ++  a  con- 
spicuous blue reaction; +  +  +  a deep blue reaction. 
* In all except one experiment dialyzed iron was used.  In Experiment 8 ferric 
chloride was used. 
** In all except one experiment aleuronat was used as the inflammatory irritant. 
In Experiment 4  a  suspension of Staphylococcus  aureus  was used as the inflam- 
matory irritant. 
Opie (5) recently showed that acute inflammation of the peritoneal 
cavity caused by  aleuronat retards  the  rush  of injected  hemolytic 
streptococci from the peritoneal cavity into the circulating blood and 
after 24 hours completely prevents it.  Subsequently it was found  (1) 
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appears in the lymph of the retrosternal lymphatics and stains deeply 
the retrosternal  lymphatic nodes.  Trypan  blue,  on the other hand, 
injected into an inflamed peritoneal cavity is fixed in situ and fails to 
reach  the  retrosternal  lymphatic  nodes. 
5 cc. of dialyzed iron* were injected into the peritoneal cavity of normal rabbits 
and also into that of rabbits with acute inflammation caused, with one exception, 
by a previous injection of 5 per cent aleuronat and 3 per cent starch in 0.5 per 
cent saline.  The thorax was opened at various intervals after the injection of the 
metal and the retrosternal region dipped in 2 per cent potassium ferrocyanide and 
1 per cent hydrochloric acid,  Aleuronat per se gives a Prussian  blue .reaction 
but the evidence that none of the irritant  appeared in the retrosternal lymphatic 
nodes is clear since in the animals with inflamed peritoneal cavity the retrosternal 
lymph nodes showed no Prussian blue reaction.  The results are shown in Table I. 
It is seen that when iron was injected immediately after the inflam- 
matory irritant  there was no retention of it  (Experiment  1).  When, 
however, the inflammatory reaction had been in progress for as long 
as  3  hours  the  metal  was  fixed and failed to reach the retrosternal 
lymphatic nodes.  The injection of the metal into the normal peritoneal 
cavity  was  followed  on  the  other  hand  by  its  appearance  in the 
retrostemal lymphatic nodes.  Stapkylococcus  aureus was used as the 
inflammatory irritant  in one experiment (No. 4) with similar results, 
i.e.,  fixation  of  the  metal  in  situ.  Ferric chloride  (No. 8)  behaved 
exactly as did dialyzed iron.  In the inflamed peritoneal cavity where 
retention of the metal took place, large dumps and masses of brown 
deposits were often seen on the omentum and on the peritoneal surface 
of the diaphragm. 
Having  established  qualitatively  that  colloidal  iron  and,  in  one 
instance, that ferric chloride are retained in si~u by the inflammatory 
reaction, it became of interest to determine quantitatively the amount 
of fixation of the metal. 
Quantitative  determinations of iron in tissue were performed according to the 
method of Kennedy  (6)  with only slight modifications.  5 cc. of ferric chloride 
(0.25 per cent solution in saline) were injected into  the peritoneal  cavity of a 
normal rabbit as control and also into the inflamed cavity of an experimental 
animal.  1 to 2~ hours later the animal was killed and the retrosternal  lymph 
* This product  is colloidal ferric hydroxide with  5 per cent ferric oxide and 
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nodes carefully removed, weighed, and placed in a 100 cc. Kjeldahl  flask.  2 to 3 
cc. of concentrated sulfuric acid and about 1 cc. of 60 per cent solution  of per- 
chloric acid were added.  The mixture  was heated over a low flame for about 10 
minutes until  complete  digestion  took place  and the solution  appeared  almost 
colorless.  While the mixture was still hot, 0.5 cc. of 30 per cent hydrogen peroxide 
was  added  and  the mixture  was  cooled and diluted  to 50  co.  10  cc.  of this 
solution were pipetted into a 50 cc. stoppered cylinder to which were added 10 cc. 
of amylic alcohol and 5 cc. of 20 per cent sodium thiocyanate.  The mixture  was 
immediately shaken and the iron was extracted by the amylic alcohol layer.  This 
layer was pipetted off into a colorimeter cup and compared with a standard treated 
in exactly the same manner. 
TABLE  II 
Amount of Iron in Retrosternal Lymph Nodes after Its Injection  into  Inflamed and 
Normal Peritoneal Cavity 
Interval between  i Amount* of iron  Amount  of iron 
i in nodes after its  in  nodes  after  Per cent  of  dif- 
injection  of irri-  Total duration  injection into in-  i its injectioninto  ference  in  iron 
Experiment  tant and  that  of  of inflammation I flamed  perito-  I normal  pefito-  content 
iron  neal cavity  neal cavity 
hrs.  :  ~i~. 
17  : 30 
22  : 30 
22  : 30 
24  : 30 
~r$. :  ~inS. 
18  : 30 
25:00 
25:00 
26:00 
165.7  222.7 
195.7  762.5 
38.5  180.95 
86.0  127.0 
25.6 
74.3 
78.7 
48.0 
Average of per cent difference in iron content ........................  56.7 
* Figures are expressed in milligrams of iron per 100 gm. of tissue. 
The results in Table II show that fixation of iron by an inflammatory 
process  varies  a  good  deal  in  different  animals.  These  variations 
may partly be due to the fact that the determinations of iron content 
were performed by the "wet ashing" method, and probable differences 
in  the  amount  of  fluid  in  lymph  nodes  draining  an  inflamed  and 
normal peritoneal  cavity were therefore not taken into consideration 
in  the  final  determinations.  The  average  amount  of  iron  in  the 
retrosternal lymphatic nodes of normal animals is 56.7 per cent higher 
than in the nodes of animals with inflamed peritoneal  cavity. 
Three  determinations  were  also  performed to  determine  the  iron 
content  of  retrosternal  lymph  nodes  in  animals  receiving  no  iron. 
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TABLE  III 
Accumulation of Iron at the Site of Cutaneous I~ 
Experiment 
tO 
Duration of 
Prussian blue reaction in 
inflamed skin areas of an- 
inflanunation 
J~fs. : fr;in$. 
1:45 
imals that received  ferric 
chloride 
trace 
+ 
+ 
faint trace 
7ammation 
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inflamed skin areas of an- 
imals  that  receive  no 
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4:30 
6:15 
6:30 
8:00 
++ 
++ 
+ 
+ 
+++ 
++ 
++ 
+ 
trace to+ 
11:00 
23  :  30 
48:00 
70  :  oo 
168  :  O0 
++ 
++ 
++ 
++ 
+ 
++ 
++ 
+ 
0 
0 
faint trace 
++ 
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0 indicates no Prussian  blue reaction; +  a pale blue reaction; + +  a conspicuous 
blue reaction; + +  +  a deep blue reaction. 884  STUDIES  ON  INFL~M'~&TION.  III 
tissue.  One determination was made on the lymph nodes of an animal 
that  had  received  no  iron  but  had  an  inflamed peritoneal  cavity. 
In this animal the value for iron content was 68.6 mg. per 100 gm. of 
tissue.  These  results  with  non-injected animals  show  that  lymph 
nodes  normally contain  an  appreciable  quantity of iron,  which  is 
evidently bound up in a  form that does not  give the Prussian blue 
reaction.  The Prussian blue reaction is less sensitive than the thio- 
cyanate test for the detection of iron.  Furthermore hemoglobin does 
not respond to the ordinary chemical test for iron.  This probably 
accounts for the iron content of normal lymph nodes giving a negative 
Prussian  blue  reaction. 
The above results show that like trypan blue, iron is fixed in situ 
by the inflamed cavity and much tess of it reaches the retrosternal 
lymphatic nodes than under ordinary circumstances. 
The Accumulation of Iron Injected into the Circulating Blood in 
Inflamed Areas 
It  having been  found that  iron  was  fixed in  situ  when  injected 
directly into an inflamed area, studies were undertaken to determine 
whether, as in the case of trypan blue, the metal would accumulate 
in an inflamed area when introduced into the circulating blood stream. 
25 mg. of ferric chloride in saline were injected intravenously.  The areas of 
inflammation  were caused by several injections of 0.t to 0.2 cc. of a saline suspen- 
sion of Staphylococcus aureus into the dermis of the abdomen of rabbits.  The 
accumulation of iron was studied after the inflammatory reaction had beenunder 
way for various lengths of time.  Inasmuch as it was found that an inflamed area 
per se of 70 hours duration or more gives a positive Prussian blue reaction owing 
doubtless to pigment from red blood corpuscles escaped by diapedesis  or capillary 
hemorrhage, studies of iron accumulation in inflammation when ferric chloride 
was injected intravenously were not carried beyond 24 hours.  The results are 
shown in Table III. 
It is clear that the metallic salt accumulates in an inflamed area 
when the inflammatory  process has lasted only 1 hour and 45 minutes. 
On the other hand the inflamed areas in non-injected animals give no 
qualitative test for iron within the first 11  hours of inflammation at 
least.  The difference  in the two sets of animals is conspicuous. 
It is interesting to note that an old inflammatory lesion in  non- VALY ~r~..l~I~IN  885 
injected animals of at least  70 hours duration  shows the presence of 
iron by the qualitative test.  This is probably due to the degradation 
in the late stages of inflammation of hemoglobin from red corpuscles 
phagocytosed by tissue  macrophages.  Histological  sections  of  such 
areas  reveal within large mononuclear cells hemosiderin which gives 
the  Prussian  blue  reaction.  A  similar  observation  in  animals  was 
recently made by Polson  (7) while studying the fate of colloidal iron 
administered  intravenously.  However, this  author does not refer it 
to the administration of iron.  He was dealing with an inflammatory 
TABLE  IV 
Amount*  of Iron  in  Inflamed  Areas  of Animals  That  Received No  Iron  and  of 
Animals Injected witk Ferric Chloride 
Injected animals  Non-injected animals 
Experiment 
Normal  Inflamed 
skin  areas  skin  areas 
9.3 
12.5 
7.7 
16.6 
6.9 
9.7 
13.0 
15.7 
15.5 
29.6 
10.6 
12.7 
Average .....  10.4  16.2 
* Figures are expressed in milligrams of iron per 100 gin. of dry tissue. 
Normal  Inflamed 
skin  areas  skin  areas 
8.4  9.2 
8.4  9.4 
5.6  9.6 
10.9  9.0 
7.9  11.2 
9.2  9.9 
8.4  9.7 
focus of  relatively long  duration  which  showed  a  large  amount  of 
iron in spite of the fact that no metal was injected. 
Quantitative  studies  were  undertaken  to  determine  the  exact 
amount of accumulation  of metal in inflamed areas  when  50 rag.  of 
ferric chloride (F%C16, 12 H20) in distilled water were injected intra- 
venously. 
The inflamed areas were obtained by the injection into the dermis of the abdo- 
men of about 0.2 cc.'of a suspension of S~phylococcus  aureua in broth concentrated 
to one-tenth of its original volume.  6 to 7 hours later the animal was killed and 
the inflamed  areas were carefully removed, the subcutaneous tissue adhering to 
them being discarded.  Control areas  of normal skin in the same  animal were 
also  removed from the abdomen.  These areas were then placed in an electric 
dry oven for about 16 hours at 100°C.  When thoroughly dried the tissues  were 886  STUDIES ON  IN]~L~,MM4TION.  HI 
weighed and digested by the method described above with the exception that now 
larger quantities  of sulfuric and perchloric acids were used, the values being 8 
and 5 cc. respectively.  By determining the iron content of tissues on the dry 
basis, variations in the final results due to differences  in fluid  content of inflamed 
areas  were largely eliminated.  Thus  a  more accurate method of comparison 
between iron content of normal skin and inflamed areas was obtained.  It is 
evident that with dlapedesis of red corpuscles there is probably always more 
iron in an inflamed area than in a normal tissue area.  For this reason an addi- 
tional series of control animals was studied for iron content exactly as above with 
the exception that none of these rabbits received any intravenous injection of 
ferric chloride.  The results obtained for iron content in inflamed areas in both 
groups of animals are shown  in Table IV. 
From this table it is seen that the average iron content in inflamed 
areas of animals injected with ferric chloride is 16.2 rag. per 100 gin. 
of dry tissue as compared with 9.7 rag. in inflamed areas of animals 
that received no metal.  Consequently the amount of iron in inflamed 
areas is increased 67 per cent by injection of 50 mg. of ferric chloride 
in the blood stream.  A  comparison of the iron  content of normal 
skin  areas  in  injected and  non-injected animals,  10.4  and  8.4  rag. 
respectively, shows that the accumulation in normal tissues resulting 
from the  injection of the metal is  only 23.8  per  cent.  Hence  the 
accumulation of iron following intravenous injection of ferric chloride 
is about three times greater in inflamed than in normal skin areas. 
The iron recovered from inflamed areas of an animal not injected with 
this metal is contained in hemoglobin which does not give the Prussian 
blue  reaction.  This  accounts  for  the  negative  reaction  when  the 
qualitative test is applied in these animals to inflamed areas of rela- 
tively short duration. 
These experiments suggest that fixation of a  metal or  dye in  an 
inflamed area ma  Z have clinical application.  It is conceivable that 
dyes, iron containing substances, and various other materials by their 
accumulation at the site of inflammation may alter the character or 
course of the inflammatory reaction. 
CONCLUSIONS 
Colloidal iron or ferric chloride injected into the inflamed peritoneal 
cavity is fixed in the cavity and fails to reach the retrosternal lymphatic 
nodes,  whereas,  in  the  absence  of  inflammation,  iron  accumulates VALY MENKIN  887 
in  these  nodes  and  becomes  demonstrable  by  the  Prussian  blue 
reaction. 
Quantitative  studies  show that  after  intraperitoneal injection of 
ferric  chloride  the  retrosternal  lymphatic  nodes  of  animals  with 
normal peritoneal cavity contain approximately 56 per cent more iron 
than do the nodes of animals with inflamed peritoneal cavity. 
Ferric chloride injected into the circulating blood enters an inflamed 
area in the skin and the inflamed tissue gives the Prussian blue re- 
action.  Quantitative determinations show that  the amount of iron 
in inflamed areas is much greater than that found in inflamed areas 
of animals that have received no iron. 
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